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The charged Higgs decay in the channel H~ — > t^v in models with a singlet neutrino can 
provide a test of large extra dimensions models with TeV scale quantum gravity since in the 
standard two Higgs doublet model type II, H~ — > t~v is suppressed. In the present study, we 
focus on the decay H~ — > T£ip at the LHC for Higgs masses larger than the top-quark mass. 
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1 Introduction 

Models with extra dimensions postulate the existence of 5 additional spatial dimensions of size 
R where gravity and perhaps other fields freely propagate while the SM degrees of freedom are 
confined to (3+l)-dimensional wall (4D) of the higher dimensional space. The true scale of 
gravity, or fundamental Planck scale M*, of the (4 + 5)D space time is related to the reduced 
4D Planck scale M Ph by M Pl = R 8 M^ +2 , where M Pi = 2.4 x 10 18 GeV is related to the usual 
Planck mass 1.2 x 10 19 GeV = *J%ixM.p\. Since no experimental deviations from Newtonian 
gravity are observed at distances above 0.2 mmli, the extra dimensions must be smaller or equal 
to the sub-millimeter scale with M* as low as few TeV and 5 > 2. 

The spectrum of many extensions of the SM includes a charged Higgs state. H~ decays 
to the right handed r~ through the r Yukawa coupling: H~ — > t^u. The H~ decay to left 
handed t~ is completely suppressed in the Minimal Supersymmetric Standard Model (MSSM). 
However, in the scenario of singlet neutrino in large extra dimensions, H~ can decay to both 
right handed and left handed r~ depending on the parameters M*, mp, 5, m H ± and tan/3: 
H~ — * t^v + where ip is a bulk neutrino and u is dominantly a light neutrino with a 

small admixture of the Kaluza-Klein modes i of the order mR/\n\. The measurement of the 

"based on work done in collaboration with K. Assamagan. Talk given at XXXVIIth Rencontres de Moriond, 
ElectroWeak Interactions and Unified Theories, March 9th - 16th 2002, Les Arcs, France 



polarisation asymmetry, can be used to distinguish between the ordinary two Higgs Doublet 
Model of type II (2HDM-II) and the scenario of singlet neutrino in large extra dimensions. 

2 H Production and Decays 

The charged Higgs decay to right handed r, H~ — > t^v have been extensively studied for the 
LHCclp. Here we discuss the possibility to observe H~ — > ^ at the LHC above the top-quark 
massH. Table p] shows the parameters selected for the current analysis. We assume a heavy 

Table 1: The parameters used in the current analysis of the signal with the corresponding polarisation 
asymmetry. In general, H~ would decay to t£~ and t^, H~ —* t^v + rj^ip, depending on the asymmetry. 
For the purely decay H~ — > tZV (as in MSSM), the asymmetry is —1. The signal to be studied is 
H ~ -> t~i/j. 







M* (TeV) 


S v , 5 


m H ± (GeV) 


tan (3 


A L r 


m u (eV) 


Sig. 


-1 


2 


4, 4 


219.9 


30 


~ 1 


0.5 10~ 3 


Sig. 


-2 


20 


3, 3 


365.4 


45 


~ 1 


0.05 


Sig. 


-3 


1 


5, 6 


506.2 


4 


~ 1 


0.05 


Sig. 


-4 


100 


6, 6 


250.2 


35 


1 


0.005 


Sig. 


-5 


10 


4, 5 


350.0 


20 


1 


0.04 


Sig. 


-6 


50 


5, 5 


450.0 


25 


1 


0.04 



SUSY spectrum with maximal mixing. We consider the 2^2 production process where the 
charged Higgs is produced with a top-quark, gb — ► tH^. Further, we require the hadronic decay 
of the top-quark, t — > Wb — > jjb and the charged Higgs decay to r-leptons. 

The major backgrounds are the single top production gb — > Wt, and tt production with one 
W + — ► jj and the other W~ — > t^v. Depending on the polarisation asymmetry, H~ — > r^v 
will contribute as an additional background. In Table ^, we list the rates for the signal and for 
the backgrounds. 

Table 2: The expected rates (ax BR), for the signal gb — > tH ± with H~ 
r^v + r£ip and t — > jjb, and for the backgrounds: Wt and tt with W~ t^v 
and W + — > jj. We assume an inclusive ti production cross section of 590 pb. In 
the last columns, we compare the H~ —* t^u branching ratios in this model to the 
corresponding MSSM branching ratios. 



Process 


a x BR (pb) 


BR 


BR(MSSM) 


Signal- 1 


1.56 


0.73 


0.37 


Signal-2 


0.15 


1.0 


0.15 


Signal-3 


0.04 


1.0 


0.01 


tt 

Wtb {p T > 30 GeV) 


84.11 
47.56 







Depending on the parameters M*, mjj, 5, m H ± and tan 0, the tv decay of the charged Higgs 
can be enhanced or suppressed compared to the MSSM case. In Figure |], we show how the 
other decays of the charged Higgs are affected in this framework; for the chosen values of M* 
and 5, the decay branchings are similar to MSSM for small values of mn while at larger m_o, 
the tv decay mode becomes strongly enhanced. 

The reconstruction of the transverse mass is not enough to distinguish between the MSSM 
and the singlet neutrinos in large extra dimensions. The differences in these two scenarii are 
best seen in the distribution of p n /E T ~ jet , the fraction of the energy carried by the charged 
track. 




Figure 1: Charged Higgs decays in models with a singlet neutrino in large extra dimensions for M* = 2 x 10 4 
GeV, 5 = 3 and tan/3 = 45. For small values of mr>, we see similar decay branchings as in MSSM. As mr> gets 
larger, H — > TV becomes dominant below and above the top-quark mass. 




Figure 2: The distribution of the ratio of the charged pion track momentum in one prong r decay to the r-jet 
energy for m A = 350 GeV, tan/3 = 45, M, = 20 TeV, 8 = 3 and m„ = 0.05 eV. In the 2HDM-II, this ratio would 
peak near and 1 as shown while in other models, the actual distribution of this ratio would depend on the 
polarization asymmetry since both left and right handed r's would contribute. In the case shown, the asymmetry 
is ~ 1 and the ratio peaks near the center of the distribution. 



3 Conclusions 



Large extra dimensions models with TeV scale quantum gravity postulate the existence of ad- 
ditional dimensions where gravity (and possibly other fields) propagate. The size of the extra 
dimensions are constrained to the sub-millimeter level since no experimental deviations from 
the Newtonian gravity has been observed at distances larger than ~ 0.2 millimeter. The right 
handed neutrino can freely propagate into the extra dimensions because it has no quantum num- 
bers to constrain it to the SM brane. The interactions between the bulk neutrino and the SM 
fields on the brane can generate Dirac neutrino masses consistent with the atmospheric neutrino 
oscillations without implementing the seesaw mechanism. There are no additional Higgs bosons 
required in these models. The charged Higgs productions are therefore the same as in the two 
Higgs doublet models. The charged Higgs can decay to both the right and the left handed 
r-leptons, H~ — > r^v + r£ip whereas in the 2HDM-II such as MSSM, only the right handed r 
decay of the H~ is possible through the r Yukawa coupling: H~ — * t^v. The r decay of the 
charged Higgs has been studied in details for ATLAS and CMS. In the current study, we focus 
on the decay H~ — > t£i/j at the LHC for Higgs masses larger than the top-quark mass. 

Although the observation of a signal in the transverse mass distribution can be used to 
claim discovery of the charged Higgs, it is insufficient to select the scenario that is realized. 
Additionally, by reconstructing the fraction of the energy carried by the charged track in the 
one-prong r decay, it is possible to distinguish whether the scenario is the ordinary two Higgs 
doublet model or not. The further measurement of the polarisation asymmetry might provide 
a distinctive evidence for models with singlet neutrino in large extra dimensions. 



Acknowledgements 

I would like to thank K. A. Assamagan and Y. Coadou for fruitful collaborations. 



References 



1. C. D. Hoyle, U. Schmidt, B. R. Heckel, E. G. Adelberger, J. H. Gundlach, D. J. Kapner 
and H. E. Swanson, Phys. Rev. Lett. 86, 1418 (2001) [|arXiv:hep-ph/0011014|l . 

2. K. Agashe, N. G. Deshpande and G. H. Wu, Phys. Lett. B 489, 367 (2000) [arXiv:hep-| 



ph/0006122|| ; 



K.A. Assamagan and Y. Coadou, ATLAS Internal Note, ATL-PHYS-2000-031 (2000); 
K. A. Assamagan, Acta Phys. Polon. B 31, 863 (2000); K. A. Assamagan and Y. Coadou, 
Acta Phys. Polon. B 33 707 (2002); K. A. Assamagan, Y. Coadou and A. Deandrea, 
EPJdirect (Vol. 4) C9 1 (2002) larXiv:hep-ph/0203121 1. 

R. Kinnunen, "The — » rv mode in CMS" and "Signatures of Heavy Charged Higgs 
Bosons at the LHC", in Les Houches Workshop (1999), "The Higgs working group: Sum- 
mary report," arXiv:hep-ph / 0002258 ; D. Cavalli et al, "The Higgs working group: Sum- 



mary report," in Les Houches Workshop (2001), arXiv:hep-ph /0203056 . 

K. A. Assamagan and A. Deandrea, Phys. Rev. D 65 (2002) 076006 arXiv:hep- 

ph/0111256fl. 



